MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  Of  STANOAROS-1963-A 


f 


%  tv  (IV 


UNCLASSIFIED  *  > 

SECURITY  CLASSIFICATION  or  TNIt  PARE  (ERni  tM  *MN( 

|  REPORT  DOCUMENTATION  PACE 

X  RECIPiENT'S  CAYALoO  NUMBOT 

4.  TITLE  (an*  Subtitle) 

Modular  Incoherent  CO«  TEA  Laton 

Final  Report 

t.  TYRE  or  REPORT  *  PERIOD  COVERED 

Final  Report 

7/15/80  -  8/31/82 

t.  PERFORMING  ORO.  REPORT  NUMBER 

ER82-4284 

7.  AUTHOR^ 

J.  T.  Ganley 

A.  J.  Legere 

1.  CONTRACT  or  GRANT  NUMBERTa)  ™” 

DAAK70-80-C-0090 

t.  PERFORMING  ORGANIZATION  name  and  aooresi 

RAYTHEON  COMPANY 

Electro-Optics  Systems  Laboratory 

528  Boston  Post  Road,  Sudbury,  MA  01776 

to.  PROGRAM  ELEMENT.  PROJECT.  TASK 

AREA  0  BORN  UNIT  NUMBERS 

II.  CQNTROLLING.Ornee  NAME  AND  ADOREM 

U.S.  ARMY  ELECTRONICS  RESEARCH  &  DEVELOPMENT 
COMMAND,  Night  Vision  and  Electro-Optics  Lab. 

Fort  Belvoir,  VA  22060 

IZ.  REPORT  DATE 

10  September  1982 

II.NUNICN  OF  PAGES 

54 

M.  MONITORING  AGENCY  name  A  AOORESV"  dlHetent  hem  Centre Hint  OlHae) 

It.  SECURITY  CLASS,  (el  tkla  report) 

UNCLASSIFIED 

IS*.  DECLASStFlCATION/OOBNGRADING  " 
SCHEDULE 

It.  DISTRIBUTION  STATEMENT  (el  thle  Report) 

Approved  for  public  release;  distribution  unlimited. 

17.  DISTRIBUTION  STATEMENT  (at  the  abatract  enteral  In  Bleak  20,  II  dlllarant  ham  Report) 

It.  supplementary  notes 

It.  KEY  BOROS  (Continue  an  reveaee  aide  II  neaeeeery  and  Identity  by  bleak  number) 

Incoherent  TEA  laser,  cross-wind  sensor,  target  designator,  L-C  inversion  generator, 
plexiglan  laser,  alumina  laser,  voltage-doubling  circuit,  plus-minus  charge  circuitry, 
energy  storage  capacitors,  high  voltage  blocking  capacitors,  trigger  transformers, 
spark  gap  switches,  high  voltage  charging  supplies 

1 ABSTRACT  (Continue  an  rewerae  aide  II  noeeeaery  and  Identity  by  bleak  mi mber) 

Two  pulsed  10-micron  transmitter  systems  were  designed,  fcfcricated  and  tested,  one  for  use 
in  cross-wind  seraor  applications,  and  one  for  target  designator  applications.  The  goal 
of  the  Incoherent  TEA  laser  effort  was  to  make  these  units  cmfcle  of  the  required  optical 
and  electrical  performance  characteristics  with  total  system  lifetimes  of  a  few  million 

00  ,  5STt*  1473  or  1  NOV  ••  It  obsolete  UNCLASSIFIED 

SECURITY  CLASSIFICATION  OT  THIt  PAGE  (SSm  ISf 


TABLE  OF  CONTENTS 


BACKGROUND 

LASER  DESIGN  AND  FABRICATION 

CIRCUIT  CONFIGURATION  AND  INITIAL  EXPERIMENTS 

ELECTRICAL  COMPONENT  SELECTION 

Energy  Storage  Capacitors 

High  Voltage  Blocking  Capacitors 

Trigger  Transformers 

Spark  Gap  Switches 

High  Voltage  Charging  Supplies 

OPERATIONAL  TESTS  OF  ELECTRICAL  CIRCUITRY 

LASER  TESTS  AND  RESULTS 

SUMMARY  AND  CONCLUSIONS 

APPENDIX  A 

DISTRIBUTION  LIST 


Accession  For 

NTIS  GRAAI 
DTIC  TAB 
Unannounced 

JustU’ic  vi.  von. 


By— - 

distribution/ _ 

Availability  Codas 
lAvall  and/or 
Diat  Special 


□  □ 


LIST  OF  ILLUSTRATIONS 


FIGURE  PACE 

1  Raytheon  Cross-Wind  Sensor  Laser  2 

2  Schematic  of  Cross-Sectional  V lew  of  Laser  Body  and  Flow  Loop  8 

Attachments  ' 

3  25  kV  Double  Capacitive  Discharge  Circuit  12 

4  Double-Sided  L-C  Inversion  Generator  15 

5  Double-Sided  Two-Stage  Marx  Generator  17 

6  Double-Sided  Plus-Minus  Charge  Circuitry  l8 

7  Energy  Storage  Capacitors  22 

8  Trigger  Transformer  Data  24 

9  Pulser  with  Laser  28 

10  Complete  Pulser  with  Laser  29 

11  Pulser  Circuitry  30 

12  Spark  Gap  Trigger  Circuit  31 

13  Charging  Waveforms  32 

14  Charge-Discharge  Cycle  5.5  Hz  33 

15  Spark  Gap  Trigger  Pulses  35 

16  Pulser  Voltage  and  Current  Waveforms  2R  Load  36 

17  Voltage  Across  Laser  Discharge  37 

18  Interferograms  of  Optical  Components  40 

19  Sequential  Output  Pulsing  of  Cross-Wind  Sensor  Laser  42 

20  Output  Characteristics  from  Firing  Each  Discharge  Alone  *3 

21  Output  Pulse  Shape  44 

22  Laser  Output  vs  Lifetime  45 

23  Laser  Output  as  a  Function  of  Repetition  Rate  47 

24  Shot-to-Shot  Repeatability  of  Designator  Laser  with  Flowing  Gas  48 


SECTION  1 


The  purpose  of  the  Incoherent  TEA  User  effort  Is  to  provide  two  pulsed 
10-micron  transmitter  systems.  One  of  the  systems.  Unit  A,  Is  for  use  In  target 
designator  applications  and  the  other.  Unit  B,  Is  for  use  In  cross-wind  sensor 
applications.  The  general  specifications  of  the  contract  require  that  Unit  A 
be  operated  at  repetition  rates  from  0  to  20  hertz,  with  output  energy  of  at 
least  150  mlllljoules  In  a  60-nanosecond  spike.  Unit  B  Is  to  be  capable  of 
producing  pairs  of  laser  pulses,  with  an  Interpulse  time  Interval  variable 
from  100  microseconds  to  1  millisecond.  Repetition  rate  Is  to  be  from  0  to  10 
hertz  with  75  mlllljoules  In  each  of  the  pulses.  Both  units  require  circular 
polarization,  TEM00  mode  output,  collimating  optics,  and  sealed-off  laser  opera¬ 
tion. 

Figure  1  Is  a  photograph  of  a  Raytheon  TEA  laser  of  the  type  used  In  both 
target  designator  and  cross-wind  sensor  applications.  The  laser  consists  of  two 
separate  discharge  sections  joined  by  a  folded  optical  cavity.  In  designator 
applications,  both  discharges  are  fired  simultaneously  and  a  single  laser  pulse  Is 
obtained.  For  cross-wind  sensor  applications,  the  discharge  sections  are  pulsed 
sequentially  and  two  laser  pulses  are  extracted. 

During  the  Initial  design  phase,  several  different  designs  were  considered, 
and  a  design  which  Involved  machining  the  laser  body  from  high  alumina  ceramic 
was  chosen.  Sealing  parts  to  form  a  vacuum-tight  assembly  was  to  be  done  with 
the  high  temperature  oven  brazes  and  hellarc  welds. 
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Each  of  the  two  transmitter  units  was  to  be  supplied  with  Its  own  power 
conditioning  .circuitry.  The  electrical  circuitry  required  to  drive  a  laser 
of  the  type  shown  In  Figure  1  must  perform  a  number  of  related  tasks  In  a 
reliable  manner.  First,  the  pulser  circuitry  must  store  a  quantity  of  elec¬ 
trical  energy  which  Is  appropriate  for  producing  the  required  optical  output. 

For  the  Raytheon  cross-wind  sensor  and  designator  lasers,  which  were  previously 
driven  by  a  rather  Inefficient  L-C  Inversion  generator,  the  energy  storage  re¬ 
quirements  were  roughly  6-8  joules  per  pulse  for  each  of  the  two  discharge 
sections.  As  will  be  discussed  later.  It  has  been  possible  to  decrease  this 
figure  by  more  than  a  factor  of  two  as  a  result  of  Improved  coupling  of  the  pulser 
to  the  discharge  load. 

In  addition  to  energy  storage  requirements,  the  pulser  must  deliver  energy 
to  the  laser  load  at  a  voltage  which  will  produce  rapid  and  uniform  breakdown  of 
the  laser  gas.  Typically  25  kV  Is  required  for  the  Raytheon  lasers  being  discussed 
here,  although  operation  as  low  as  18  kV  or  as  high  as  28  kV  Is  possible  under 
certain  conditions. 

The  electrical  circuitry  must  deliver  energy  to  the  laser  load  in  a  time 
less  than  a  few  hundred  nanoseconds  In  order  to  avoid  the  formation  of  arcs  In 
the  discharge  volume.  Generally  speaking,  shorter  electrical  pulses  are  associated 
with  more  reliable  laser  operation.  However,  the  higher  currents  associated  with 
shorter  pulses  can  shorten  the  lifetime  of  storage  capacitors  and  switches  In  the 
pulser  circuitry. 

The  ultimate  goal  of  the  Incoherent  TEA  Laser  effort  was  to  fabricate  trans¬ 
mitter  units  capable  of  the  required  ootlcal  and  electrical  performance  charac¬ 
teristics,  with  total  system  lifetimes  of  a  few  million  pulses.  A  number  of 
problems  were  anticipated  at  the  Initiation  of  the  work,  the  major  one  being  the 
fabrication  and  operation  of  an  alumina  laser  txxfy  with  metal Ized  seals.  In 
addition  to  problems  related  to  the  laser.  It  was  apparent  that  there  would  be  a 
number  of  special  problems  with  the  electrical  circuitry.  Some  customized 
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conponents  would  be  required  to  allow  for  packaging  the  units  In  a  reasonable 
volume.  Also  problems  were  anticipated  In  controlling  electrical  noise  generated 
by  firing  the  pulsers.  Since  the  cross-wind  sensor  module  must  produce  two 
pulses  spaced  by  a  definite  time  Interval.  It  was  anticipated  that  spurious 
triggering  of  the  second  pulser  by  noise  generated  In  firing  the  first  pulser 
would  be  a  problem. 

Previous  experience  has  shown  that  one  of  the  most  serious  problems  with 
units  of  this  type  Is  the  relatively  short  useful  life  of  many  of  the  high 
voltage  components.  Switches,  capacitors,  and  charging  supplies  cannot  survive 
for  millions  of  pulses  under  such  demanding  conditions  unless  great  care  Is 
exercised  In  both  circuit  design  and  component  selection. 

The  Raytheon  view  of  the  anticipated  work  was  that  units  with  the  required 
lifetime  and  electrical  performance  characteristics  could  be  fabricated  using 
modifications  of  existing  components.  It  was  our  opinion  that  most  of  the  problems 
associated  with  pulsers  of  the  type  being  considered  have  resulted  from  Improper 
circuit  design  and  poor  circuit  layout  rather  than  inadequate  components.  With 
this  position  as  a  starting  point,  the  following  electrical  design  decisions  were 
made: 

1)  The  unit  would  be  fabricated  as  three  Interconnected  sections,  each 
housed  In  a  separate  metal  enclosure.  The  three  sections  would  Include 
a  low  voltage  logic  control  section,  a  high  voltage  charging  and  trig¬ 
gering  section,  and  a  high  voltage  energy  storage  and  switching  section. 
The  metallic  enclosures  would  be  fabricated  as  an  aluminum  casting. 

This  fabrication  technique  was  chosen  In  order  to  shield  the  various 
circuit  elements  from  electrical  noise  generated  In  other  parts  of  the 
circuit. 

2)  Logic- control  led  charging  supplies  with  Internal  electronic  ballasting 
would  be  used.  Electronic  ballasting  eliminates  the  50*  energy  loss 
which  occurs  with  resistive  ballasting.  External  logic  control  allows 


for  disabling  the  power  supply  while  the  energy  storage  capacitors  are 
being  fired.  This  protects  the  power  supplies  from  transients  and  In¬ 
creases  spark  gap  llfetlm. 

3)  Advanced  design  spark  gap  switches  would  be  considered,  but  standard 
gaps  would  be  purchased  as  a  backup.  It  was  felt  that  standard  gaps 
were  available  which  could  satisfy  the  lifetime  requirements,  but 
additional  useful  Information  might  be  gained  by  looking  at  alternative 
designs. 


SECTION  2 

LASER  DESIGN  AND  FABRICATION 


Early  In  the  program,  a  decision  was  made  to  fabricate  the  lasers  from  high 
aluml  a  ceramic  and  to  use  metallzed  seals.  The  laser  would  contain  two  discharge 
sections.  Isolated  by  a  ceramic  wall,  and  joined  by  a  folded  optical  cavity.  A 
single  flow  loop,  containing  a  heat  exchanger  and  a  blower,  would  circulate  gas 
through  both  discharge  regions.  A  cross  section  of  the  laser  and  the  flow  loop 
Is  shown  In  Figure  2.  Each  discharge  section  Is  preionized  by  a  single  array  of 
flashboard  buttons.  This  single-sided  Illumination  produces  a  spatially  non- 
uniform  electron  density  which  Is,  for  some  conditions,  adequate  for  Initiation 
of  a  uniform  glow  discharge. 

The  overall  dimensions  of  the  laser  bofl|y  were  determined  by  the  maximum 
size  of  alumina  block  which  could  be  fused  and  brazed  within  the  ovens  of  Raytheon* 
Microwave  and  Power  Tube  Division.  As  can  be  seen  from  Figure  2,  the  machining 
of  the  laser  block  Is  an  elaborate  task,  with  exacting  tolerances  required  on 
the  '-'rfaces  which  support  the  electrode  and  the  mirror  holders. 

As  work  on  the  laser  bodies  proceeded,  It  became  apparent  that  the  fabrication 
task  was  more  difficult  than  anticipated.  Several  steps  were  Involved  in  the 
process  because  3"  x  2"  x  16"  blocks,  necessary  for  fabricating  the  laser,  were 
not  routinely  available.  During  the  fusing  operation,  two  sets  of  blocks  were 
cracked  during  trial  runs.  Eventually,  a  total  of  5  blocks,  each  3"  x  2"  x  16", 
were  sucessfully  fabricated.  The  next  step  in  the  fabrication  process  was  to 
fuse  on  the  side  arms  for  attaching  the  flow-loop  flanges.  Another  block  was 
lost  due  to  cracking  in  this  operation.  Attempts  were  t!ien  made  to  machine  the 
remaining  four  blocks.  Two  of  these  blocks  were  machined  inaccurately  with  the 
remaining  two  blocks  assembled  as  lasers.  A  number  of  companies  were  consulted 
regarding  the  metal Izing  and  brazing  job,  but  none  would  guarantee  that  the  laser 
could  be  assembled  without  destroying  them.  As  a  result  of  these  conversations. 

It  was  decided  to  assemble  the  lasers  with  epoxy  rather  than  to  risk  the  possible 
loss  of  the  remaining  two  blocks. 
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During. an  extensive  trial  period,  both  lasers  were  operated  with  temporary 
gasket  seals  on  the  flashboard  covers.  This  allowed  for  disassembly  of  the  laser 
and  adjustment  of  the  main  electrodes  and  flashboards. 

Optimum  gas  mixes,  coupling  efficiencies,  mirror  radii  and  Input  energies 
were  determined  during  these  tests.  Tests  were  performed  first  with  a  plexiglass 
body  laser  and  the  data  derived  from  this  work  were  used  as  a  starting  point  for 
experiments  with  the  alumina  body  lasers. 

The  results  of  experiments  with  the  plexiglass  laser  are  summarized  below: 

1.  It  was  determined  that  use  of  the  L-C  Inversion  Generator-type 
circuit  was  very  inefficient  at  driving  the  laser  and  led  to  very  short 
life  of  some  of  the  critical  circuit  components.  A  number  of  other  cir¬ 
cuits  were  tested  with  much  better  results.  These  tests  will  be  dis¬ 
cussed  later. 

2.  Uniform  discharges  were  obtained  with  the  main  electrodes  canted  by 
.008". 

3.  With  proper  coupling  of  the  electrical  circuit  to  the  gas  discharge  load, 
the  plexiglass  laser  provided  250  millljoules  output,  with  only  6  joules 
input. 

4.  Best  laser  performance  was  achieved  with  a  5-meter  radius  copper  end 
reflector  and  a  65%  reflecting  output  flat.  Good  mode  control  was  achieved 
with  a  .300"  diameter  mode-limiting  aperture.  Optimum  gas  mix  for  this 
laser  was  20%  CO2,  10%  Ng,  and  70%  He,  and  reliable  operation  with  this 
mix  was  achieved  with  roughly  23  kV  applied  to  the  laser. 

The  experiments  performed  with  the  plexiglass  laser  were  repeated  with  both 
the  cross-wind  sensor  laser  and  the  designator  laser  as  soon  as  they  were  fabricated. 
The  alumina  lasers  produced  similar  results  with  respect  to  voltage  requirements  and 


9 


electrode  alignment  tolerances.  However ,  the  output  energy  of  each  alumina  unit 
was  down  significantly  from  the  output  of  the  plexiglass  unit.  This  was  due.  In 
part,  to  Inaccuracies  In  machining  the  alumina  blocks  where  the  holes  bored  at 
each  end  of  the  laser  to  join  the  mirrors  to  the  discharge  volume  were  not  coplanar. 
This  resulted  In  shadowing  of  part  of  the  mode  volume  by  the  holes  at  the  turnaround 
end  of  the  laser. 

As  a  result  of  the  tests  performed  while  the  lasers  were  assembled  with  gasket 
seals,  the  following  design  decisions  were  made: 

1.  Electrode  spacing  -  .340" 

2.  Electrode  cant  -  .008" 

3.  Discharge  voltage  -  22.5  kV 

4.  Energy  storage  for  each  discharge  -  3  .loules 

5.  Gas  mix  -  20%  C02,  10%  N2,  70%  He 

6.  End  reflector  (copper)  -  5-meter  radius  of  curvature 

7.  Output  flat  (ZnSe)  - 

Designator  -  80%  R 
Cross-wind  sensor  -  90%  R 

8.  Mode-limiting  aperture  -  .300"  dlam. 


SECTION  3 


CIRCUIT  CONFIGURATION  AND  INITIAL  EXPERIMENTS 

Before  beginning  a  discussion  of  the  pulser  circuitry  chosen  for 
the  Incoherent  TEA  Laser  units,  it  will  be  informative  to  briefly  examine  other 
circuits  which  were  considered  and  describe  some  of  the  experiments  which  were 
performed  with  them.  The  circuits  will  be  discussed  in  terms  of  the  cross-wind 
sensor  application,  which  requires  two  separate  pulsers.  The  designator  require¬ 
ments  are  generally  the  same  except  that  only  one  pulser,  with  the  same  total 
stored  energy,  is  required. 

Perhaps  the  simplest  configuration  for  providing  the  required  pulsed  electrical 
conditions  is  shown  in  Figure  3.  This  circuit  provides  a  useful  background  for 
discussing  many  of  the  difficulties  which  are  commonly  encountered  in  this  type  of 
work.  The  most  severe  problem  is  that  the  power  supply  must  be  capable  of 
producing  24  kV  output  from  28  V  input.  As  far  as  we  know,  there  is  no  manufacturer 
capable  of  producing  a  small  modular  supply  which  will  perform  reliably  at  this 
voltage  level.  Also,  the  circuit  of  Figure  3  produces  voltages  of  24  kV  with 
respect  to  ground  and  the  problem  of  corona  or  arc  breakdown  to  the  grounded 
enclosure  exists.  The  energy  storage  capacitors  and  the  switches  must  both  be 
capable  of  withstanding  a  charge  voltage  equal  to  the  full  pulsed  requirement. 

The  high  voltage  diodes,  which  isolate  the  two  halves  of  the  circuit  during  the 
discharge  cycle,  must  be  capable  of  surviving  24  kV  transients.  One  final  problem 
is  that,  without  logic  control  of  the  charging  cycle,  the  circuit  of  Figure  3 
allows  a  keep-alive-type  current  to  flow  through  the  switch  as  recharging  begins 
and  the  switch  is  reverting  to  a  nonconducting  mode.  This  forces  the  gap  into  a 
temporary,  highly  dissipative  mode  which  shortens  gap  life.  Ultimately,  the  gap 
fails  by  "hanging  up"  or  conducting  throughout  the  charge  cycle,  preventing  the 
capacitors  from  reaching  full  charge. 

Initial  experiments  were  conducted  with  the  circuit  of  Figure  3  using  special 
versions  of  the  GP-46B  spark  gap  manufactured  by  EG&G.  The  value  of  C  was  .065  yF 
and  the  charge  voltage  was  17.5  kV.  The  GP-46-type  gaps  would  not  hold  off  the 
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charge  vo1t‘age  after  a  few  thousand  shots.  One  of  the  gaps,  which  operated  for 
about  8,000  shots  before  It  failed  completely,  was  broken  open  and  found  to  have 
a  fairly  large  amount  of  sputtered  material  on  the  walls.  It  appeared  that  this 
sputtering  was  the  cause  of  the  gap's  Inability  to  hold  off  the  charge  voltage. 

Further  tests  were  conducted  with  standard  6P-70  gap.  With  proper  triggering, 
these  gaps  survived  for  more  than  400,000  shots  before  falling.  The  tests 
subjected  the  gaps  to  peak  switching  currents  of  approximately  5,000  amps,  with 
stored  energies  of  more  than  10  joules  switched  to  the  load.  The  ultimate 
failure  mode  of  these  gaps  was  not  the  Inability  to  hold  off  the  charge  voltage, 
but  Instead  It  was  that  the  gaps  continued  to  conduct  during  the  recharge  cycle. 

It  was  felt  that  this  was  not  really  a  problem  with  the  gap,  but  rather  a  problem 
with  the  charging  circuitry.  The  use  of  logic-controlled  charging  supplies  which 
could  be  disabled  during  the  firing  of  the  gap  would  eliminate  this  problem. 

Another  Important  point  to  note  Is  that  long  life  of  the  spark  gap  can  only 
be  achieved  with  proper  triggering,  especially  when  the  load  Is  another  gas 
discharge  device,  such  as  a  TEA  laser.  The  normal  mode  of  conduction  through  a 

spark  gap  Is  by  means  of  a  constricted  high  current  density  arc.  The  arc  Is  fed 

by  metal  Ions  supplied  by  a  hot  spot  on  the  electrode  of  the  switch.  The  con¬ 
stricted  arc  has  very  low  Impedance,  with  the  result  that  small  quantities  of  energy 
are  deposited  In  the  switch.  Low  energy  dissipation  Is  essential  for  long  switch 
lifetime.  During  the  discharge  Initiation  phase  of  the  circuit  of  Figure  3,  a 
spark  gap  should  properly  be  allowed  to  make  a  rapid  transition  to  a  high  current 
arc.  However,  the  laser  discharge  current  cannot  build  up  as  rapidly  as  one 
might  like,  since  the  discharge  Is  Inductive  during  Its  formative  phase.  Thus,  the 
spark  gap  operates  for  a  period  of  time  In  a  current  starved,  highly  dissipative 
mode  -  a  mode  which  shortens  the  life  of  the  gap.  This  Is  an  Important  problem 
which  exists  for  all  circuits  using  a  spark  gap  to  switch  energy  to  a  gas  discharge 

load.  There  are  two  possible  solutions  to  this  problem. 
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One  Involves  placing  a  small  capacitor  (500  pF)  directly  In  parallel  with  the 
spark  gap.  When  the  gap  Is  triggered.  It  Immediately  makes  the  transition  to  a 
high-current  constricted  arc  by  discharging  the  parallel  capacitor.  The  low 
Inductance  of  this  parallel  combination  prevents  ringing.  This  occurs  no  matter 
what  the  characteristics  of  the  remaining  circuit  may  be.  The  finite  time  required 
to  discharge  the  capacitor  keeps  the  spark  gap  In  a  low  loss  mode  until  the  main 
laser  discharge  has  had  time  to  form.  Once  this  occurs,  the  spark  gap  switches 
the  remaining  stored  energy  efficiently,  even  though  the  laser  discharge  may 
limit  the  spark  gap  current  to  a  few  kA.  After  this  has  been  accomplished,  the 
gap  can  revert  to  a  lower  current  level  without  becoming  dissipative. 

Another  solution  to  the  problem  of  rapidly  establishing  low  Impedance  In  the 
switch  Is  to  apply  a  trigger  pulse  of  such  a  high  amplitude  and  of  the  proper 
polarity  that  the  trigger  pulse  can  break  down  across  the  gap.  If  there  Is 
sufficient  energy  In  the  trigger  pulse,  the  gap  will  quickly  drop  to  a  low  Impe¬ 
dance  state  and  remain  In  such  a  state  until  the  laser  discharge  forms. 

The  spark  gap  experiments  discussed  previously  led  to  the  design  of  the 
triggering  circuitry  and  choice  of  a  spark  gap  switch  for  the  Incoherent  TEA 
Laser  pulsers.  The  triggering  circuitry  provides  25  kV  pulses  with  roughly  50 
mlllljoules  of  energy.  This  has  been  shown  to  provide  prompt,  reliable  triggering 
for  several  million  shots.  The  spark  gap  chosen  was  the  GP-70,  filled  for  35  kV 
static  breakdown. 

Figure  4  shows  the  details  of  an  L-C  Inversion  generator  circuit  which 
has  been  utilized  to  energize  TEA  laser  loads  In  a  number  of  applications. 

Ideally,  this  circuit  produces  voltage  Inversion  across  the  capacitor  In  parallel 
with  the  spark  gap,  thus  providing  a  voltage  to  the  load  of  twice  the  charge 
voltage.  In  this  Ideal  case,  components  with  only  one-half  the  normal  voltage 
ratings  are  required.  In  practice,  however,  the  Inversion  Is  never  complete  and 
a  large  fraction  of  the  stored  energy  Is  dissipated  In  the  spark  gap.  High  peak 
currents  and  voltage  reversal  place  unnecessary  stress  on  the  high  voltage 
components  of  this  circuit.  In  previous  work  with  this  circuit,  Raytheon  tested 


a  total  of  six  GP-70  gaps.  None  of  the  gaps  performed  reliably  after  50.000 
shots  and  some  failed  after  only  20,000  shots.  Capacitor  failure  was  also  a 
serious  problem. 

A  more  effective  voltage -doubling  circuit,  a  2-stage  Marx  unit,  is  shown  In 
Figure  5.  The  capacitors  are  charged  In  parallel  and  discharged  through  the  laser 
load  In  series.  Triggering  of  the  first  gap  doubles  the  voltage  across  the  over¬ 
voltage  gap  In  the  second  stage,  which  Is  designed  to  break  down  quickly  under 
these  conditions.  With  a  12  kV  charging  supply,  storage  capacitors,  and  switches, 
the  required  24  kV  can  be  provided  to  the  load.  This  circuit  was  used  successfully 
In  some  tests,  but  Inability  to  accurately  control  the  timing  of  the  breakdown 
of  the  second  gap  Is  a  severe  limitation  In  cross-wind  sensing  applications. 

Also,  the  characterlsltlcs  of  the  over-voltage  gap  changed  quickly,  resulting 
In  a  short  useful  life. 

As  was  mentioned  earlier,  the  L-C  Inversion  generator  used  to  energize 
TEA  lasers  Is  very  Inefficient  at  delivering  stored  energy  to  the  load.  For 
example.  In  previous  work  with  a  designator  laser  similar  to  the  one  shown  in 
Figure  1,  more  than  12  joules  were  stored  in  a  pulser  in  order  to  produce  a 
laser  pulse  with  125  mlllljoules  energy.  The  cause  of  the  low  efficiency  was 
the  fact  that  most  of  the  stored  energy  Is  dissipated  In  circuit  elements  other 
than  the  discharge  load,  thus  leading  to  low  efficiency  and  short  lifetime  of  the 
other  elements,  such  as  the  spark  gap. 

The  circuit  of  Figure  6  avoids  many  of  the  problems  discussed  above,  but 
still  provides  voltage  doubling  and  allows  the  use  of  components  rated  at  half 
the  voltage  which  would  otherwise  be  required.  Operation  of  this  circuit  Is 
described  as  follows:  the  two  power  supplies,  plus  and  minus  10-15  kV  with 
respect  to  ground  charge  up  the  energy  storage  capacitors.  A  separate  bias 
resistor  In  parallel  with  the  load  keeps  any  voltage  from  appearing  across  the 
load  during  the  charge  cycle.  When  the  switch  fires,  the  series  combination  of 
capacitors  (20-30  kV)  Is  connected  across  the  load  and  energy  Is  efficiently 
transferred  from  the  capacitors  to  the  load. 
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Figure  6.  Double-Sided  Plus-Minus  Charge  Circuitry 


There  are  several  advantages  to  this  type  of  voltage-doubling  circuit. 

First,  only  voltages  of  10*15  kV  with  respect  to  ground  exist  In  this  circuit, 
thus  decreasing  the  chances  for  corona  or  arc  breakdown  to  the  grounded  enclosure. 
The  capacitors  and  the  charging  supply  need  to  be  rated  at  only  half  the  required 
voltage  to  the  load.  Only  the  switch  sees  the  full  voltage.  The  circuit  provides 
for  nearly  complete  voltage  doubling  and  efficient  energy  transfer  to  the  load. 

The  coulomb  loading  of  the  switch  Is  minimized  and  the  lifetime  of  the  switch  Is 
thus  maximized.  Because  of  the  simple  components  required  and  the  convenience  of 
packaging,  the  circuit  of  Figure  6  was  used  in  fabricating  the  Incoherent 
TEA  Laser  pulsers. 

The  Improved  efficiency  of  the  plus-minus  charge  circuitry  of  Figure  6  over 
the  L-C  Inversion  generator  of  Figure  4  becomes  apparent  when  the  two  circuits 
are  used  to  drive  laser  discharge  loads.  For  a  designator  laser  of  the  type 
shown  In  Figure  1,  the  L-C  Inversion  generator  stored  12.5  joules  to  deliver  125 
mlllljoules  In  the  laser  pulse.  The  plus-minus  charge  circuit  stored  only  5.75 
joules  to  deliver  more  than  200  mlllljoules  from  the  laser.  The  decreased  energy 
requirements  which  are  brought  about  by  the  L-C  Inversion  generator  approach 
result  In  a  significant  reduction  In  the  size  of  the  energy  storage  capacitors 
and  charging  supplies.  Table  1  shows  a  plot  of  laser  output  energy  as  a  function 
of  stored  energy  In  the  plus-minus  circuit. 


TABLE  1 

LASER  OUTPUT  FOR  VARIOUS  VALUES 
OF  CHARGE  VOLTAGE  AND  STORED  ENERGY: 
PLUS-MINUS  CHARGE  CIRCUIT 


CHARGE 

VOLTAGE 

STORED 

ENERGY 

LASER 

OUTPUT 

10  kV 

4  J 

160  mj 

11  kV 

4.8  J 

175  mj 

12  kV 

5.7  J 

200  mj 

13  kV 

6.7  J 

225  mj 

14  kV 

7.8  J 

250  mj 

15  kV 

9  J 

225  mj 

SECTION  4 


ELECTRICAL  COMPONENT  SELECTION 


4.1  ENERGY  STORAGE  CAPACITORS 


The  energy  storage  capacitors  chosen  for  the  Incoherent  TEA  Laser  pulsers 
were  mica  paper  or  "reconstituted"  mica.  These  capacitors  can  be  fabricated  in 
almost  any  shape  with  great  flexibility  of  terminal  configuration.  Capacitance 
does  not  change  greatly  with  age  or  charge  voltage. 

The  capacitors  used  are  of  a  special  design,  manufactured  for  Raytheon  by 
Tobe  Deutschmann  Labs  of  Canton,  MA.  Each  unit  has  four  .02  microfarad  capacitors 
rated  at  25  kV.  The  electrical  leads  from  the  capacitive  windings  are  copper 
flags  contacted  over  a  large  area  at  the  ends  of  the  winding.  The  large  surface 
area  of  the  leads  makes  a  low  Inductance  contact  capable  of  passing  very  high 
currents  without  being  damaged.  The  internal  leads  of  the  capacitors  are  attached 
to  8-32  female  inserts,  which  provide  a  convenient  method  of  making  external 
electrical  connections  and  a  sturdy  mechanical  attachment  for  mounting.  The 
capacitors  are  designed  for  25  kV  even  though  only  12-15  kV  will  be  placed  on 
each  capacitor.  This  margin  of  safety  is  required  in  order  to  ensure  that  the 
capacitors  will  survive  at  least  10  million  charge-discharge  cycles.  An  outline 
drawing  of  the  capacitor  is  shown  In  Figure  7. 

4.2  HIGH  VOLTAGE  BLOCKING  CAPACITORS 


High  voltage  blocking  capacitors  are  required  on  the  secondary  side  of  the 
trigger  transformer  and  In  the  preionizer  circuitry  of  the  laser.  These  capacitors 
are  exposed  to  higher  voltages  (up  to  30  kV)  than  the  energy  storage  capacitors, 
but  tney  pass  very  low  peak  currents.  Also,  the  capacitance  value  of  the  blocking 
capacitors  Is  quite  low  (500  pF)  compared  to  the  storage  capacitors.  For  these 
reasons,  it  was  felt  that  standard  "doorknob"  capacitors,  with  barium  titanate 
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dielectric,  would  provide  adequate  electrical  performance.  The  capacitors  used 
in  the  pulsers  were  480  pF,  rated  at  40  kV  in  order  to  assure  long  life.  The 
manufacturer  was  Murata  Corporation. 

4.3  TRIGGER  TRANSFORMERS 

As  was  stated  earlier,  one  of  the  requirements  for  long  spark  gap  life 
is  the  use  of  proper  triggering  techniques.  For  the  GP-70  spark  gaps,  it  has 
been  found  that  trigger  pulses  of  only  10  kV  will  produce  breakdown  of  a  new 
gap,  but  as  the  gap  ages,  higher  voltages  are  required.  We  have  achieved  best 
gap  performance  with  trigger  voltages  in  excess  of  30  kV. 

The  trigger  transformer  used  in  the  Incoherent  TEA  Laser  pulsers  is  the 
U.S.  Scientific  Instruments  Model  #TT-180-42.  A  data  sheet  for  this  transformer 
is  shown  in  Figure  8.  The  primary  voltage  level  is  set  at  275  volts,  and  the 
primary  capacitor  is  1.5  wF.  According  to  the  data  sheet,  this  gives  a  pulsed 
voltage  to  the  gap  of  30  kV.  In  actual  practice,  the  voltage  pulse  is  only  20  kV. 
This  is  caused  by  the  use  of  a  2«  resistor  in  the  primary  circuitry  to  limit 
the  current  going  through  the  SCR.  This  resistor  also  cuts  down  the  secondary 
voltage.  Reliable  triggering  has  been  achieved  for  more  than  3  million  pulses; 
but  at  this  point,  the  required  trigger  voltage  on  one  of  the  gaps  tested  had 
risen  to  18  kV.  This  led  to  failure  to  trigger  the  gap  on  roughly  one  shot  out 
of  100.  It  is  believed  the  reduction  of  the  resistance  in  the  primary  circuit 
would  extend  the  useful  life  of  the  system  considerably. 

4.4  SPARK  GAP  SWITCHES 

Selection  and  testing  of  spark  gap  switches  was  carried  out  by  Raytheon  with 
assistance  from  the  spark  gap  manufacturer,  EG4G.  Most  testing  was  carried  out 
early  In  the  program  under  charge  and  energy  transfer  conditions  which  were  more 
severe  than  the  actual  requirements  to  be  encountered  in  the  final  units. 
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CAPACITOR  VOLTAGE 


NOTE: 


FIGURES  AGAINST  CURVES  REPRESENT  VALUES  OF 
CAPACITOR  IN  MICROFARADS 

EOA-2652 


Figure  8.  Trigger  Transformer  Data 


Two  different  types  of  gaps  were  studied:  standard  GP-70  gaps  and  various 
modified  versions  of  the  GP-46  gap.  The  studies  with  GP-46-type  gaps  were  done 
with  advanced  electrode  materials.  Including  pure  tungsten  and  an  alloy  of  copper 
and  tungsten.  Also,  gaps  with  a  recessed  trigger  electrode  were  studied. 

Experiments  were  carried  out  using  a  single-sided  version  of  the  capacitor 
discharge  circuit  shown  In  Figure  3.  The  value  of  the  energy  storage  capacitor 
was  .065  microfarads  and  the  charge  voltage  was  17.5  kV,  giving  a  stored  charge 
of  1.25  mllllcoulombs  and  a  stored  energy  of  roughly  10  joules.  The  tests  were 
conducted  before  It  became  apparent  that  proper  circuit  design  could  decrease 
energy-switching  requirements  by  more  than  a  factor  of  two.  Also,  the  tests  were 
performed  before  logic-controlled  power  supplies  were  available.  In  the  case  of 
the  GP-70  gaps  which  were  tested,  this  led  to  a  failure  mechanism  which  was  caused 
by  the  charging  supplies  and  not  gaps  themselves. 

All  the  GP-46  body  gaps  which  were  tested  failed  with  very  few  shots,  while 
the  unmodified  GP-70  gaps  survived  for  a  much  longer  time.  As  a  result  of  these 
tests,  the  final  pulser  configuration  was  designed  to  accommodate  GP-70  gaps. 

From  these  preliminary  tests,  it  was  clear  that  the  GP-70  gaps  would  provide  a 
greater  safety  margin  In  the  pulser  design  and  It  was  felt  that  this  additional 
margin  would  be  necessary  In  achieving  overall  system  lifetime  of  several  million 
shots. 


4.5  HIGH  VOLTAGE  CHARGING  SUPPLIES 


From  the  preceding  discussion.  It  Is  apparent  that  the  high  voltage  charging 
supplies  are  an  Important  factor  in  determining  overall  system  performance  and 
lifetime.  The  power  supplies  used  in  the  pulsers  are  the  Laser  Drive  Model 
#3015  P/N  capacitor  charging  systems.  Through  an  extensive  engineering 
effort.  Laser  Drive  has  developed  these  units  Into  reliable  and  efficient  charging 
systems  which  are  Ideal  for  capacitor  discharge  applications.  The  units  feature  a 
combined  energy  storage  and  transfer  scheme  which  utilizes  the  Inductive  Impedance 
of  the  high  voltage  transformer  to  eliminate  the  need  for  lossy  series  charging 
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resistors  which  are  normally  required  In  capacitor  charging  applications.  The 
units  are  compact,  but  advanced  construction  and  encapsulation  techniques  allow 
corona-free  operation  of  the  high  voltage  stages  assuring  long  life.  The  units 
have  versatile  control  and  gating  functions  which  allow  Internal  or  remote  pro¬ 
gramming  of  output  parameters.  Energy  transfer  rates  of  100  joules  per  second 
are  possible  with  conversion  efficiencies  approaching  90%.  Detailed  Information 
on  the  packaging,  the  Internal  electronics,  and  the  requirements  of  the  supplies 
Is  contained  In  the  appendix  with  the  discussion  of  the  control  electronics. 
Aside  from  mechanical  problems  encountered  early  In  the  development  effort, 
the  units  have  performed  without  failure  for  millions  of  charging  cycles. 
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SECTION  5 


OPERATIONAL  TESTS  OF  ELECTRICAL  CIRCUITRY 


One  of  the  completely  assembled  electrical  pulsers  Is  shown  In  Figure  9,  and 
the  same  unit  Is  shown  with  a  laser  Inserted  In  Figure  10.  The  high  voltage 
circuitry  with  the  two  laser  discharges  and  their  associated  preionizers  are  shown  in 
Figure  11.  Triggering  circuitry  for  the  spark  gaps  Is  shown  in  Figure  12,  and  the 
details  of  the  control  logic  circuity  are  discussed  In  the  appendix. 

The  operation  of  the  circuit  has  been  described  previously,  but  will  be 
repeated  here  with  more  detail.  Activation  of  the  high  voltage  section  of  the 
pulser  Is  initiated  when  a  reset  pulse  from  the  logic  section  Is  applied  to  the 
charging  supplies.  This  pulse  enables  both  the  positive  and  negative  supplies. 

The  upper  capacitors  In  each  half  of  the  circuit  are  charged  positive  with  respect 
to  ground  and  the  lower  capacitors  are  charged  negative  with  respect  to  ground. 
Charging  waveforms  for  the  positive  and  negative  supplies  are  shown  on  two 
different  time  scales  In  Figure  13,  and  the  complete  charge  and  discharge  cycles 
of  the  capacitors  are  shown  in  Figure  14.  Note  that  the  3  k£2  resistors  in  series 
with  each  of  the  four  energy  storage  capacitors  during  the  charge  cycle  do  not 
limit  the  charging  current.  The  charging  currents  are  controlled  by  the  Internal 
electronics  of  the  supplies.  The  sole  function  of  the  series  resistors  Is  for 
protection  of  the  supplies  from  voltage  transients  which  might  occur  If  a  fault 
occurred  In  the  discharge  loop  while  the  supplies  were  still  enabled.  Also,  it 
should  be  pointed  out  that  the  series  resistors  dissipate  less  than  2%  of  the  energy 
delivered  by  the  supplies.  Figure  13  shows  that  the  maximum  charging  currents 
are  roughly  20  mA,  so  that  I^R  losses  in  the  resistors  are  less  than  1  watt  during 
the  charge  cycles.  Integrated  losses  during  the  25-35  millisecond  charge  time 
are  roughly  30  mlllljoules,  whereas  the  total  delivered  to  each  capacitor  Is  more 
than  2  joules.  If  the  charging  supplies  had  no  Internal  control  of  current  levels. 

It  would  be  necessary  to  use  resistive  ballasting,  and  50X  of  the  energy  delivered 
by  the  supplies  would  be  lost  In  heating  the  resistors.  This  would  necessitate 
the  use  of  power  supplies  with  twice  the  power  capabilities  of  those  now  being  used. 
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WITHOUT  BEAM  EXPANDER 


TR- 180-42 


TO  SPARK  GAP 
TRIGGER  PIN 


EOA-2653 


Figure  12.  Spark  Gap  Trigger  Circuit 


Charge  Cycle  of  Positive 
and  Negative  Supplies 

5  kV/Div. 

5  ms/Div. 


Firing  and  Recharge  Cycle 
of  Positive  Suppl ies 

Note  Delay  of  Firing 
(1.4  ms)  and  Recharge 
(4.4  ms) 

5  kV/Div. 

1  ms/Div. 


EO-1225 


Figure  13.  Charging  Waveforms 
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Negative  Supply  Charge- 
Discharge  Cycle 

5  kV/Div. 

50  ms/DIv. 

NOTE:  Voltage  decay  between 
pulses  Is  caused  by  monitor¬ 
ing  probe  Impedance 


EO-1226 


Figure  14.  Charge-Discharge  Cycle  5.5  Hz 
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The  charge  cycle  is  terminated  when  the  capacitors  are  charged  to  a  pre¬ 
determined  level.  The  internal  voltage  sense  of  each  supply  disables  the  power 
oscillator  and  causes  the  disable  output  to  change  voltage  states.  The  disable 
outputs  from  the  two  supplies  are  fed  back  to  the  logic  control  circuitry.  When 
the  charging  supplies  are  disabled,  the  logic  pulsing  circuitry  is  enabled;  that  is, 
logic  pulses  generated  either  externally  or  internally  within  the  unit  can  be  fed 
through  to  the  gates  of  the  ^CR  switches  located  in  the  circuitry  on  the  primary 
side  of  the  trigger  transformer.  Discharging  the  primary  side  capacitor  generates 
a  trigger  pulse  at  the  secondary  of  the  transformer  which  is  capacitively  coupled 
to  the  trigger  pin  of  the  spark  gap.  Capacitive  coupling  of  the  trigger  is 
necessary  because  the  spark  gap  trigger  pin  is  charged  to  high  voltage  and  the 
transformer  secondary  is  grounded.  Figure  15  shows  typical  trigger  pulses  both 
into  an  open  circuit  and  into  a  GP-70  spark  gap.  Note  that  the  voltage  available 
is  nearly  twice  the  required  breakdown  voltage.  This  gives  reliable  triggering 
for  millions  of  shots. 

With  the  firing  of  the  spark  gaps,  the  energy  stored  on  the  capacitors  is 
transferred  to  the  load.  Typical  voltage  and  current  waveforms  are  shown  in 
Figure  16.  These  are  the  waveforms  which  result  from  discharging  the  capacitors 
through  a  small  value  of  resistance  which  gives  an  underdamped  circuit. 

Examination  of  the  waveforms  reveals  that  the  inductance  of  each  discharge  loop 
is  roughly  1  microhenry.  Part  of  this  inductance  is  in  the  leads  and  the  spark 
gap.  Figure  17  shows  the  voltage  waveform  when  the  pulsers  fire  into  a  laser 
discharge  load  with  characteristics  identical  to  the  lasers  used  in  the  Incoherent 
TEA  Laser. 


Open  Circuit  Trigger 
Voltage 

5  kV/Div. 

2  ys/Div. 


Trigger  Pulse  to 
New  GP-70 

5  kV/Div. 

2  ys/Div. 


Trigger  Pulse  to 
GP-70  Gap  with 
3.2  x  106  Shots 

5  kV/Div. 

10  ys/Div. 
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Figure  15.  Spark  Gap  Trigger  Pulses 


Load  Voltage 

5  kV/Div. 

200  ns/Div. 


Load  Current 

400  A/Div. 
200  ns/Div. 
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Waveforms  2  ft  Load 


5  kV/Div. 
200  ns/Div. 


EO-1233 


Figure  17.  Voltage  Across  Laser  Discharge 
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SECTION  6 


LASER  TESTS  AND  RESULTS 

Three  completely  assembled  pulsers  capable  of  powering  the  cross-wind  sensor 
and  designator  lasers  were  tested  extensively  as  part  of  a  separate  program. 

These  tests  included  firing  the  pulsers  into  resistive  loads  and  laser  discharge 
loads.  The  adequacy  of  the  electrical  design,  from  the  standpoint  of  both  com¬ 
ponent  lifetime  and  production  of  the  desired  laser  performance,  was  verified  for 
these  units. 

As  was  mentioned  earlier,  initial  experiments  performed  with  a  plexiglass 
laser  and  flowing  gas  led  to  the  choice  of  many  of  the  design  parameters  for  the 
final  alumina  body  lasers.  Tests  with  the  alumina  lasers  revealed  that  their 
performance  was  not  as  good  as  anticipated,  partly  due  to  inaccuracies  in  the 
machining  of  the  laser  bodies.  The  alumina  body  lasers  produced  125  millijoules 
output,  whereas  the  plexiglass  laser  of  the  same  form  produced  over  250  millijoules 
when  used  with  the  same  pulser. 

Interferograms  of  the  optical  elements  showed  that  the  individual  elements 
were  good.  Figure  18  shows  interferograms  taken  to  characterize  the  optics  of 
the  units. 

Unit  B  was  operated  with  removable  flashboard  covers  and  flowing  gas.  The 
performance  which  was  achieved  was  approximately  50  millijoules  in  each  pulse.  The 
unit  was  operated  at  rates  up  to  5  hertz  for  short  periods  of  time  with  no  flow 
loop,  and  the  energy  output  did  not  decrease  significantly,  although  shot-to-shot 
reproducibility  was  degraded. 

Unit  B  was  operated  sealed  at  5  hertz  for  a  total  of  250,000  shots,  at  which 
time  the  output  energy  was  only  5  to  10  millijoules  in  each  of  the  two  pulses. 

The  shot-to-shot  repeatability  was  poor,  with  many  missing  pulses. 
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Interference  Pattern  of 
Curved  Total  Reflector 
and  Turnaround  Flats 
Mounted  on  Laser 
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Figure  18.  Interferograms  of  Optical  Components 
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The  mirrors  were  removed  and  examined,  and  It  was  found  that  the  copper 
turnaround  mirrors  were  badly  damaged,  with  less  damage  to  the  output  coupler  and 
the  curved  copper  reflector  which  were  located  at  the  other  end  of  the  laser.  Since 
the  flow  through  the  laser  was  directed  at  the  damaged  turnaround  mirrors  and 
away  from  the  less  severely  damaged  mirrors  at  the  other  end.  It  seemed  likely 
that  solid  debris  carried  by  the  flowing  gas  was  responsible  for  the  damage. 
Analysis  of  the  mirror  surface  showed  very  little  surface  contamination,  with  the 
main  problem  being  physical  abrasion  of  the  mirror  surfaces.  SEM  analysis  of 
the  mirror  surfaces  showed  no  foreign  material  other  than  a  very  small  amount  of 
cobalt.  The  damage  to  the  mirrors  was  due  to  physical  abrasion,  not  the 
deposition  of  foreign  particles. 

The  double-pulse  performance  of  the  laser  is  shown  in  Figure  19.  Relative 
energy  In  the  two  pulses  can  be  varied  by  realigning  the  output  coupler.  Figure  20 
shows  the  result  of  firing  one  side  of  the  laser  alone.  The  repeatability  from 
shot  to  shot  Is  clearly  not  the  same  for  the  two  discharges.  Small  changes  in  the 
alignment  of  the  output  coupler  can  change  the  relative  repeatability  of  the  two 
sides. 

The  temporal  behavior  of  the  optical  pulse  shown  in  Figure  21  Is  not 
significantly  different  for  the  two  sides  of  the  laser,  regardless  of  the  alignment 
or  gas  mix. 

Figure  22  summarizes  the  performance  with  life.  The  two  dominant  problems 
associated  with  the  laser  were  that  the  location  of  the  discharge  changed  with 
time  relative  to  the  optical  cavity  and  that  the  optical  cavity  itself  was 
difficult  to  align. 

The  performance  of  Unit  A,  the  target  designator  unit,  was  similar  to  Unit 
B.  After  an  Initial  test  period,  during  which  the  electrodes  were  aligned  for 
best  discharge  appearance,  the  laser  was  assembled  with  epoxled  flashboard  covers. 
Output  energy  was  Initially  150  mlllljoules,  but  after  a  few  thousand  shots. 


Figure  19.  Sequential  Output  Pulsing  of 
Cross-Wind  Sensor  Laser 


First  Side 
Pulsing  Alone 

1  Hz,  50  mV/Div. 
~  25  mJ/pulse 


Second  Side 
Pulsing  Alone 

1  Hz,  50  mv/Div. 
~11  mJ/pulse 
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Firing  Each  Discharge  Alone 


~  13  mJ  Output 
500  ns/Div. 
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Figure  21.  Output  Pulse  Shape 
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the  discharge  had  shifted  away  from  the  flashboard  and  the  energy  dropped  to 
less  than  100  mlllijoules.  The  laser  was  operated  at  high  repetition  rates  for 
brief  periods  In  order  to  determine  the  limits  of  the  power  supply  and  the  cooling 
loop.  Figure  23  shows  the  energy  output  as  a  function  of  repetition  rate  and 
Figure  24  shows  the  shot-to-shot  reproducibility  with  flowing  gas. 
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Laser  Output  as  a  Function  of  Repetition  Rate 
(Designator  Unit,  Flowing  Gas) 


SECTION  7 


SUMMARY  AND  CONCLUSIONS 

The  Incoherent  TEA  Lasers  contract  resulted  in  the  design,  fabrication  and 
assembly  of  two  CO2  laser  transmitter  units.  The  lasers  used  in  these  units  were 
fabricated  from  alumina  ceramic.  The  original  design  of  the  lasers  called  for 
metal i zed  seals,  but  a  number  of  problems  were  encountered  in  pursuing  this 
approach  and  epoxy  seals  were  eventually  employed. 

Adequacy  of  the  electrical  design  of  the  units  was  verified  as  part  of  a 
separate  contract.  The  high  voltage  charging,  energy  storage,  and  firing  functions 
of  the  units  have  been  shown  to  produce  the  desired  laser  performance  in  a  non- 
sealed  laser.  In  addition,  repetition  rate  and  double-pulse  functions  have  been 
suitably  controlled  in  the  high  noise  environment.  Lifetime  of  all  electrical 
components  has  been  tested  beyond  3  x  10^  in  work  closely  related  to  this  contract. 
Problems  have  resulted  in  production  of  lasers  with  lower  than  anticipated  output 
energy.  A  considerable  amount  of  work  remains  to  be  done  in  the  area  of  tube 
fabrication,  especially  with  respect  to  seals  of  optical  elements  and  alignment 
techniques.  These  techniques  are  currently  being  addressed  under  other  programs. 


49/50 


APPENDIX  A 

CONTROL  ELECTRONICS  AND  POWER  SUPPLY  LOGIC 


The  electronic  control  circuitry  consists  basically  of  four  sections. 

Figure  A-l  is  a  quasi-block  diagram  of  these  four  sections. 

Section  1  consists  of  the  internal  timer  clock  (Ul-555  timer),  the  Auto/ 

Manual  mode  switch,  the  laser  fire  switch  and  all  combinational  logic  up  to  the 
Internal /External  mode  switch.  The  Internal  timer  clock  (Ul)  is  always  enabled 
(provided  power  is  on).  The  Manual/Auto  switch  simply  enables  or  disables  the  in¬ 
ternal  clocx  timer  from  continuing  through  the  network.  In  the  manual  mode,  the 
clock  timer  output  is  disabled  and  the  laser  fire  switch  (momentary)  becomes 
operational,  enabling  one  clock  pulse  to  be  generated  for  each  depression  of  the 
fire  button.  The  External/Internal  switch  makes  it  possible  to  provide  an  ex¬ 
ternal  clock.  In  the  Internal  mode,  the  external  clock  line  is  disabled  (floating) 
and  the  Internal  clock  (dictated  by  the  Manual/Auto  switch)  is  allowed  to  continue 
into  Section  2. 

Section  1  consists  of  the  monostable  multivibrator  (one  shot)  U6  (Pins  10, 

5)  which  feeds  U20  Pin  1;  U3  which  feeds  U20  Pin  Z;  a  two-stage  one- shot/ del  ay 
network  (U5,U6);  and  the  55114  Differential  Line  Driver  (U19).  On  the  rising 
edge  of  U6  Pin  10,  U6  Pin  5  puts  out  a  10  ps  pos.  pulse.  This  pulse  Is  only  allowed 
to  pass  into  the  two-stage  one- shot/ del ay  network  provided  both  the  duty  cycle  (DC) 
and  the  laser  ready  (LR)  are  HI  (Sections  3  and  4).  When  these  enables 
are  present,  U5  Pin  2  is  triggered  by  this  10  us  pulse  which  in  turn  triggers  U5 
Pin  10,  causing  U6  Pin  12  to  put  out  a  neg.  pulse  (pos.  and  neg.  refer  to  Pos. 

Logic  and  Neg.  Logic)  that  is  of  variable  width.  It  Is  when  this  pulse  expires 
that  U6  Pin  2  Is  triggered,  causing  U6  Pin  13  to  put  out  a  pos.  pulse.  The 
signals  on  U5  Pin  4  and  U6  Pin  13  are  fed  Into  the  55114  Line  Driver.  This  dlf- 
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Figure  A-l.  Dual  Pulse  Block  Diagram 


ferential  line  driver  is  being  used  in  a  single-ended  fashion  to  drive  the  gates 
of  SCR^  and  SCR2  which  in  turn  eventually  trigger  the  two  spark  gaps.  Due  to  the 
high  noise  environment,  it  becomes  necessary  to  logically  eliminate  the  possibility 
of  uncontrolled  pulsing,  i.e.,  both  spark  gaps  fire  nearly  simultaneously  due  to 
noise  generated  from  the  first  gap  firing.  The  solution  to  this  problem  involved 
connecting  the  Q  (neg.)  outputs  of  each  of  the  two  final  one  shots  that  fire  the 
SCR's  to  the  clear  inputs  of  the  other.  This  effectively  eliminates  the  ability 
of  both  stages  fire  simultaneously.  Neg.  logic  monitors  are  provided  for  the  two 
SCR  pulses. 

Section  3  contains  the  hover-rep  electronics.  It  consists  of  a  two-stage 
(U12,  U13)  binary  counter  with  two  555  times  (U16,  U17),  as  well  as  the  interfacing 
combinational  logic  (U15).  The  two-stage  counter  is  designed  to  generate  a  neg. 
edge  when  100  LR  pulses  are  generated,  provided  a  counter  reset  pulse  does  not 
occur  which  will  reset  the  counter  to  zero.  Upon  the  first  LR  neg.  edge  (which 
corresponds  to  the  first  LR  pos.  edge),  a  20-second  pos.  pulse  is  generated  at 
U16  Pin  3.  When  this  20-second  pulse  falls,  the  counter  is  reset  (through  the 
diode)  and  a  new  20-second  pulse  is  generated  when  the  next  neg.  edge  occurs. 

It  is  essential  to  note  that  the  555  timer  is  NOT  retriggerable,  meaning  that  should 
LR  edges  occ^r  while  this  20-second  pulse  continues  (and  they  do),  they  will  not  re¬ 
trigger  the  timer.  Should  100  LR  pulses  be  generated  before  the  20-second  pulse 
falls,  then  a  10-second  pos.  pulse  is  generated  at  the  output  of  U17.  If  this 

occurs,  all  inputs  to  U15  are  HI  and  consequently  U15  Pin  8  (DC)  goes  L0  for  10 

* 

sec.  (resetting  the  counter). 


•v0ne  firing  of  the  laser  may  occur  in  this  10-second  "shutdown"  interval  because 
the  20-second  pulse  may  fall  which  would  bring  the  Duty  Cycle  HI.  This  would 
allow  one  fire  pulse  to  be  generated.  After  this  occurs,  however,  a  LR  neg.  edge 
will  start  a  new  20-second  pulse  which  will  shut  down  the  system  for  the  remainder 
of  the  10-second  interval. 


Section  4  consists  of  a  TTL-CMOS  buffer  stage  (U7)  which  follows  the  one 
shot  in  Section  2  (U6  Pin  5).  This  buffered  output  is  fed  through  U9  Pin  3  and 
is  enabled  to  pass  through  U9  Pin  6  when  BOTH  DISABLE  signals  are  present  (HI)  from 
the  two  Laser  Drive  Power  supplies.  This  indicates  the  laser  is  ready  (U3  provides 
the  LR  and  HE  functions  in  TTL  levels).  Ull  provides  the  CMOS  to  TTL  conversion. 

Provided  both  disables  are  present  from  the  power  supplies  and  the  10  ps  CMOS 
pulse  is  present  on  U9  Pin  6,  a  RESET  pulse  is  generated  at  a  fixed  delay  time 
from  this  10  ps  pulse.  The  operation  of  the  Laser  Drive  Power  Supplies  is 
Illustrated  schematically  in  Figure  A-2. 
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Figure  A-2.  High  Voltage  Power  Supply 
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